An evaluation of electrocardiographic tracings as an index of myocar(lial (lamage in survivors of subacute bacterial endocarditis wvas undertaken in a study of 76 fatal cases of the disease. Anatomic changes, plresent in all, inclu(ledl myocarditis, perivascular infiltration and fibrosis, Aschoff bodies, infarets, and intravascular emboli. Electrocardiographic tracings revealed changes which could be attributed to myocard(lial impairment confirmed at autopsy. Variation of pattern in serial records, although not diagnostic of specific (lisease, in(licated an twenty-five to forty-nine months after discharge from the hospital. Twelve of these were well; the other 3 suffered from congestive heart failure associated with free aortic valve regurgitation. These figures indicate that the antibiotics greatly increase the incidence of healing over that reported by Libman' more than a generation ago. Accordingly, it appears that greater clinical emphasis must be given the ravages and residua of the active infection than they have received in the past. In the heart these include not only the well recognized mechanical effects of the distorted and scarred valves, but also the impaired structure of the myocardium. No one will argue that the valvulai system of a circulatory pump is more important than the propelling force itself.
decade ago, was considered to be a progressive and almost inevitably fatal illness. The widespread use of penicillin and other antibiotic substances, however, has greatly altered the prognosis of this still serious disease. Recently, Rapaport and Ellis1 were able to report 11 of 15 patients living and well more than two years after treatment. At the Michael Reese Hospital, Kaplan, Rosenman, Katz and Br'ams2 found 15 out of 18 patients were alive twenty-five to forty-nine months after discharge from the hospital. Twelve of these were well; the other 3 suffered from congestive heart failure associated with free aortic valve regurgitation. These figures indicate that the antibiotics greatly increase the incidence of healing over that reported by Libman' more than a generation ago. Accordingly, it appears that greater clinical emphasis must be given the ravages and residua of the active infection than they have received in the past. In the heart these include not only the well recognized mechanical effects of the distorted and scarred valves, but also the impaired structure of the myocardium. No one will argue that the valvulai system of a circulatory pump is more important than the propelling force itself.
Although Blumer4 considered involvement of the myocardium to be slight and infrequent in subacute bacterial endocarditis, Libman Historically, a clear-cut account of acute rheumatic fever had been elicited from 11 patients and that of chorea from one. The onset of the terminal illness followed acute upper respiratory infection in 8 instances, and dental extraction in 3. The autopsy disclosed chronic passive hyperemia of the viscera in 42 cases, frequently associated with hydrothorax, ascites and dependent edema, though failure of the heart was recognized clinically in only 27. Three patients died unexpectedly.
Microscopic Observations
The histologic alterations in the myocardium considered in relation to pathogenesis fall into general categories: (1) direct extension of the suppurative process from the affected valve into the adjacent heart muscle; (2) ischemic sequelae of vascular disturbances, such as embolization of coronary arteries and arterioles or localized endarteritis consequent to inflammation of the supporting cardiac tissues; (3) toxic changes manifested by parenchymatous degeneration of the type prominent in diph- Although much of the parenchymatous destruction observed in these hearts was secondary to vascular alterations, it seems likely that some of it, at least, was a toxic effect ( fig. 3) .
At any rate, small foci of acute muscle necrosis were occasionally seen which differed from the type resulting from ischemia in failing to exhibit (1) the usually striking granulocytic reaction, (2) necrosis of the stromal cells, and (3) prompt karyolysis. In such areas, in contrast to infarction, the cytoplasmic components of the muscle fibers had suffered much more degenerative change than had their nuclei.
Microabscesses were infrequently observed but were considered to be clearly the result of bacterial implants (fig. 4) . Sharply localized and tightly packed interstitial accumulations of polymorphonuclear leukocytes, unassociated with necrosis, were similarly regarded as an effect of hematogenous seeding. Although lesions of the latter type necessarily preceded the formation of microabscesses, they did not go on to suppuration. Perivascular cellular infiltration was a common lesion, having been observed in 34 instances ( fig. 5) . Cytologically, its character was identical with interstitial myocarditis, and in fact the two disorders were most commonly found together. Pathologists faced with the problem of establishing the etiology of certain forms of chronic heart disease have in general followed the lead of Gross and co-workers"2 in accepting perivascular fibrosis in the heart as evidence of a previous rheumatic carditis. 13 Inasmuch as fibrosis may eventuate as readily from a nonspecific inflammation as from the rheumatic variety, it seemed appropriate to note how frequently the process was perivascular, by way of emphasizing that the microscopic picture alone is inadequate to permit unequivocal acceptance of lesions of this variety as rheumatic "stigmata." Though it is true that many of the 48 instances of perivascular scarring observed in the study may have been the residue of previous myocardial disease, there were also sufficient transition stages between the nonspecific inflammatory process and fibrosis to lead to the conviction that many such lesions had developed during the course of the terminal illness. Occasionally the vessel included within the lesion exhibited a mild degree of endothelial proliferation. The phenomenon is nonspecific since obliterative changes are to be observed in other anatomic sites whenever a vessel traverses an inflammatory zone. In the heart, however, the end-artery character of the circulation makes these vascular lesions significant, especially since the vessels affected are of the caliber of those from which the physiologic anastomoses develop with increasing age.'4
With rather strict criteria used for the histologic identification of the Aschoff nodule, active rheumatic lesions were found in only 6 hearts. All stantially supported by the demonstrated myocardial lesions in subacute bacterial endocarditis.
Axis shifts occurred to the left in 36 cases (including one instance of possible left heart strain), and to the right in 20 instances (including 2 instances of possible right-sided heart strain). No axis deviation occurred in 17 cases and in one case the electrical axis shifted from the left to the right. No diagnostic or prognostic import can be attached to the axis deviations since they are normal variants. There were no examples of true heart strain properly attributable to the terminal heart disease. One instance of right-sided heart strain and 2 involving the left side were due to pre-existing disease. There were 4 questionable instances of heart strain, 2 affecting the right and 2 the left side of the heart.
The electrocardiographic tracings revealed a coronary pattern in 12 instances. Five were of the anterior type, 2 posterior, one lateral and 3 atypical. The changes were confined to the ST-T complex and in this respect the recordings varied from the typical in not showing the classic QRS disturbances. In several instances there were evolutionary changes in serial recordings. In only 8 of these cases did the coronary pattern appear to be directly related to the subacute bacterial endocarditis; in 2 others it was due to pre-existing coronary disease and in one it represented a post-tachycardial syndrome. Electrocardiographic tracings resembling those in coronary disease are not infrequently obtained in myocarditis of varied etiology, and therefore it is not surprising to find similar patterns in 12 per cent of the cases of subacute bacterial endocarditis. It must be pointed out that ST-T changes are an expression only of the injury currents of living muscle and can not be presumed to indicate the pathologic nature of the injury, whether it be ischemic, toxic, or traumatic. Nevertheless, it is somewhat disappointing that a higher incidence of this electrocardiographic abnormality was not found since, pathologically, myocardial infarcts were demonstrated in almost half of the cases. Perhaps their usually microscopic size and wide dissemination account for the discrepancy.
In an analysis of abnormalities of individual complexes, notched P waves were found 6 times. (In one instance this was due to preexisting rheumatic heart disease.) Two other instances of P-wave abnormality were encountered, one of these being a P pulmonale, the other nonspecific. The only significant QRS change was the low voltage already mentioned in 33 cases. Depression of the S-T segment occurred in 35 instances and diphasic or inverted T waves in a like number. In some instances depression of the S-T segment was associated with T-wave inversion. Thus, in 45 of the 76 cases there were S-T depressions and/or inversion of the T wave. While 22 of these abnormalities might be attributed to digitalis and 4 others to pre-existing disease, in the remaining 19 there was no cause other than the subacute bacterial endocarditis. Finally, small T waves were seen in 10 instances, 7 of which presented no other change. In summary, it is apparent that abnormality of the ST-T complex is the most common one in subacute bacterial endocarditis, that closely following it in frequency is low voltage, and that abnormal P waves are relatively infrequent.
Abnormalities of rhythm or conduction disturbances occurred frequently. Sinus tachycardia was encountered in 40 of the 76 cases. It may be interpreted variously as an effect of fever, intoxication, or as a compensatory mechanism to the impaired contractile power of the heart in myocarditis. Paroxysmal tachycardia found twice was of ventricular origin in one and supraventricular in the other. There were 23 instances of ectopic rhythm, 7 of which were of the multiple variety. Premature systole was the rhythmic disorder most often observed and was of ventricular origin in 16 cases, auricular in 3, and nodal in 3. In 7, the extrasystoles originated from multiple foci. Bigeminal rhythm was encountered in 5 cases but was persistent in only one. There were 3 cases of auricular fibrillation, but one was obviously due to pre-existing disease. The single instance of auricular flutter was also due to pre-existing disease. Finally, there was one clear instance of the Wolff-Parkinson-White syndrome, another of passive nodal rhythm which might possibly have been a Wolff-Parkinson-White syndrome, and a third in which there had been wandering of the pacemaker to the A-V node. The multiplicity of myocardial lesions observed correlates well with the numerous instances of active ectopic rhythm.
Auriculo-ventricular conduction delay was observed in 12 instances; in one additional case the P-R interval lengthened progressively, though it was still within normal limits. In 7 terminal illness twice, to quinidine once, and to pre-existing disease in the final instance.
There is, therefore, a remarkably high incidence of abnormalities (54) Finally, on integrating the electrocardiographic findings tabulated briefly in tables 2, A and 1, B, and using the criteria employed at the Michael Reese Hospital'8 as to their normality, 56 cases (74 per cent) presented abnormalities, the records were borderline in an additional 7, and normal in only 11. In the remaining cases, the only available record in ,one was obtained before the onset of subacute bacterial endocarditis, and in the other the records showed sinus tachycardia.
SUMMARY AND CONCLUSION For purposes of correlating the myocardial changes with the electrocardiographic tracings, a review was made of the material in 76 fatal cases of subacute bacterial endocarditis filed at the Armed Forces Institute of Pathology. Anatomic changes were present in all cases and consisted of myocarditis, perivascular infiltrations and fibrosis, Asehoff bodies, infarcts, and intravascular emboli. In most instances the myocardium contained combinations of these lesions.
The electrocardiogram revealed changes in contour and rhythm (the former showing evolution in seriatum curves) which could be attributecl to the damage of the myocardium expected in subacute bacterial endocarditis and which were confirmed at necropsy. While correlation with the post-mortem lesions was not complete, it was sufficiently close to suggest that the electrocardiogram could be a valuable index of the presence of myocardial lesions. If such a deduction is justified from an examination of electrical tracings, it follows that similar evaluations of other clinical findings might likevise be informative. It would be advantageous for the physician to seek out clinical evidence pointing to the presence of myocarditis. Failure to detect it clinically is, in many instances, due to the fact that the possibility has not been considered. The greatly increased survival rate since the introduction of antibiotics endows such considerations with more than academic interest.
